The bile duct system of normal Mongolian gerbils was examined histochemically. The luminal surface membrane and apical cytoplasm of the biliary and gallbladder epithelial cells were stained with periodic acid-Schiff (PAS), alcian blue, pH 2.5 (AB) and high iron diamine (HID)-AB, and many epithelial cells of the common bile duct and gallbladder had weakly PAS-positive granular material in their supranuclear cytoplasm. Lectin-histochemiaclly, these cells had binding sites to Concanavalia ensiformis (ConA), Dolichos biflorus (DBA), Glycine max (SBA), Ulex europeas-I (UEA-I), and Triticum vulgaris (WGA), On the other hand, the periductal glandular epithelial cells were not stained by any histochemical stainings. In addition to these light microscopic findings, the electron microscopic findings based on the periodic acid-silver methenamine method and avidinbiotin colloidal gold method for DBA and WGA suggested that the biliary and gallbladder epithelial cells of Mongolian gerbils secreted mucin with terminal sialic and sulfonic acid residues and that the lectin binding activity of mucin secreted from these cells was similar to that of mucin secreted from the periductal glandular epithelial cells of mice and rats.
Mucin secreted from the epithelial cells of the bile duct system has been reported to play an important role in a formation of gall stones in man [16, 27] , and many biochemical data of mucin secreted into the bile duct were proposed [5, 10, 15, 17] . Histochemical studies on the distribution or alteration of glycoproteins including mucin in the bile duct system were also carried out under physiological or pathological conditions [13, [23] [24] [25] . More recently, lectins have been attracting great attention as a useful tool for the histochemical analysis of glycoproteins in various tissues [6, 8, 9] .
Mongolian gerbils have been established as one of the most popular laboratory animals, and now they are known to be useful as a experimental model of lithiasis [3] . However there are only few reports of histochemical characteristics of glycoproteins in the bile duct system of Mongolian gerbils [26] . The purpose of this study is to clarify the histochemical characteristics of glycoproteins in the bile duct system of normal Mongolian gerbils and to compare it with those of mice and rats previously reported [11, 12] .
Materials and Methods
Animals : 12 8-week-old Mongolian gerbils of the Tumble Brook strain (6 males and 6 females ; weighing 50-70g) were kindly offered by Prof. Dr. K. Mochizuki, Department of Laboratory Animal Science, Nihon University. Animals had been housed in an animal room under controlled condition and fed MF pellets (Oriental Yeast Co. Ltd., Tokyo) and water ad libitum. They were sacrificed by exanguination under ether anesthesia one day after their arrival in our laboratory. Immediately after sacrifice, the liver, gallbladder and common bile duct were took out from each animal and subjected to the following examinations.
Histochemical procedures : The liver, gallbladder and common bile duct were fixed with 4% cold buffered paraformaldehyde, pH 7.4, for 24 h. Serial 4 um-paraffin sections were cut and stained with hematoxylin and eosin (HE). In addition, the following staining procedures were also employed : periodic acid-Schif f (PAS) reaction with or without alphaamylase (Sigma Co., St. Louis, (MO) -pretreatment [21] , alcian blue, pH 2.5 (AB) and high iron diamine (HID) -AB sequence with or without neuraminidase pretreatment [20] .
Neuraminidase (Nakarai Chemicals Co., Kyoto) is originated from Art hrobactor ureafaciens.
Lectin-histochemical procedures : The remainig sections made for the above-mentioned histochemical examination were stained with Dolichos biflorus (DBA), Grif fonia simplici f olia-I (GS-I), GS-II, Glycine max (SBA), Ara chis hypogaea (PNA), Ulex europeus-I (UEA-I) and Triticum vulgaris (WGA) (horseradish peroxidase conjugated form ; E-Y Laboratories, San Mateo, CA) according to the previously reported procedures [12] and with Concana valia ensiformis (Con A) (horseradish peroxidase-unconjugated form ; Sigma, USA) according to the method of Bernhard and Avameas [4] . Histochemical control staining was also carried out as reported before [12] .
In order to remove terminal sialic acid residues, sections were digested with neuraminidase before staining with PNA lectin as reported before [12] Periodic acid-silver methenamine (PAM) method : Small pieces of the gallbladder and common bile duct were fixed with 4% cold glutaraldehyde in phosphate buffer (pH 7.7) for 2 h, post-fixed with 1% cold osmium tetroxide in the same buffer for 2h, dehydrated and embedded in Quetol812 (Nisshin EM, Tokyo). Thin sections mounted on the nickel grids were stained by PAM method in order to detect intracellular localization of glycoproteins [19] . Some sections were mounted on copper grids and stained routinely with uranyl acetate and lead citrate.
These sections were observed under JEOL's model JEM 1200 EX electron microscope (JEOL, Tokyo).
Avidin and apical cytoplasm of the biliary and gallbladder epithelial cells were positive for PAS, AB and HID-AB (Figs. 1, 2) . Many epithelial cells of the common bile duct and gallbladder had weakly PAS-positive granular material in their supranuclear cytoplasm.
These granules were completely negative for AB and HID-AB.
Some blebs were also stained with PAS, AB and HID-AB.
The stainability of the above-mentioned cellular structures for PAS and HID-AB disappeared after alpha-amylase and neuraminidase digestion, respectively. The stainability for AB decreased after neuraminidase digestion.
On the other hand, the periductal glandular epithelial cells were not stained with PAS, AB and HID-AB.
Lectin-histochemical
findings : Lectin-bin ding activities in the biliary and gallbladder epithelial cells are shown in Table 1 . No lectin bound to the periductal glandular epithelial cells. In the epithelial cells of the common bile duct and gallbladder, Con A, DBA, SBA and UEA-I bound to the luminal surface membrane, apical cytoplasm including blebs and supranuclear cytoplasm (Figs. 3-6 ).
Among these 4 lectins, SBA showed the weakest binding activity to the supranuclear cytoplasm.
WGA bound to the luminal surface membrane and apical cytoplasm (Fig. 7) . After neuramini-Base-digestion, PNA became to bind to the luminal surface membrane and apical cytoplasm ( Fig.8 ).
Ultrastructural findings: The biliary and gallbladder epithelial cells had many villi on their luminal surface and they had many mitochondria, rough endoplasmic reticula (rER) and vesicles and well-developed Golgi apparatus in their cytoplasm.
The cell membrane, vesicles, ribosomes and Golgi apparatus were positively stained by PAM method (Fig. 9 ). Trans-cisternae of Golgi apparatus were more strongly positive than cis-cisterna ( Fig. 10 ). Blebs contained many vesicles and other intracytoplasmic organella which were also positively stained by PAM method (Fig. 11 ).
The binding activity to DBA and WGA was detected in the villi and vesicles (Fige. 12, 13). No gold particle was observed in Golgi apparatus when WGA was applied ( Fig. 12 ), while many gold particles were found in Golgi area of some cells when DBA was applied ( Fig.  14) .
Discussion
Mucin in the bile duct system is mainly secreted from epithelial cells of the periductal glands in mice [12] and from goblet cells of the periductal glands in rats [11] . In Mongolian gerbils, epithelial cells of the biliary tract and gallbladder exhibited positive reaction to most of basical and lectin histochemical stainings, while those of the periductal glands showed no positive reaction to these stainings. The biliary and gallbladder epithelial cells had many vesicles and rER and well developed Golgi apparatus, which were positively stained by PAM method. These findings suggest that the epithelial cells of the biliary tract and gallbladder instead of those of the periductal glands play an important role in mucin-secretion in the bile duct system of Mongolian gerbils. Furthermore, except for GS-II, lectin-histochemical characteristics of the mucin was similar to those of the mucin secreted from the periductal glandular epithelial cells of mice and rats (Table 1 ). Proposal histological sites of mucinsecretion in the bile duct system of three rodents are shown in Fig. 15 .
Lee [14] reported In comparison with Con A, SBA and UEA-I, WGA did not bind to the supranuclear cytoplasm of the biliary tract and gallbladder epithelial cells, and this means that Golgi apparatus of these cells had little binding sites to From the findings of AB-, HID-AB-and PNA-stainability after neuraminidase digestion, mucin secreted in the bile duct system of Mongolian gerbils is thought to have terminal sialic acid residues, one of sugars specific to WGA, as well as terminal sulfonic acid residues [26] . Terminal sialic acid residues might be added carbohydrate side chains in the final process of glycosilation at Golgi apparatus and Golgi-derived secretory granules [2] . On the other hand, a wide-range lectin-binding activity of mucin may reflect that mucin consists of large molecular polymers with various carbohydrate side chains [17] .
In the intestine of man, PNA receptors in the mucous epithelium are visualized after neuraminidase digestion under normal conditions and they are demonstrated without neuraminidase pretreatment only under precancerous or cancerous conditions [7, 28] . On the other hand, in the gallbladder of man, it is reported that PNA receptors were expressed in the epithelium under normal conditions without neuraminidase-pretreatment [13] . The epithelial cells of the biliary tract and gallbladder of Mongolian gerbils exhibited similar PNAstainability to that of the epithelial cells of the normal intestine of man. Surface glycoprotein may bave penultimate residues with PNA receptors under terminal sialic acid [6] .
In man, UEA-I receptors are normally expressed in the gallbladder epithelial cells as well as the epithelial cells in the caecum and ascending colon, and various changes of UEA-I receptors are brought about during the process of canceration [13, 22] . In Mongolian gerbils, it was also clarified in the present study that UEA-I receptors existed normally in the biliary and gallbladder epithelial cells.
In conclusion, the epithelial cells of the biliary tract and gallbladder of Mongolian gerbil might play an important role in the secretion of mucin with terminal sialic and sulfonic acid residues which exhibihed similar lectinbinding activity to that of mucin secreted from the periductal glands of mice and rats. ABG method for WGA. Bar=0.5um. Many gold particles are seen in Golgi area. ABG method for DBA. Bar=0.5um.
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